In this study, a triple quadrupole LC-MS/MS electrospray ionization method was developed and validated for quantitative determination of adenosine, guanosine, xanthine and uric acid in fifteen widely consumed Thai vegetables. The method was successively developed by using caffeine as internal standard. The lower limit of quantitation (LLOQ) was 0.2 µg/g for adenosine and guanosine, and 1.0 µg/g for uric acid and xanthine. The method was fully validated according to USFDA guidelines and all performance characteristics were found acceptable. Subsequently, the developed and validated LC-MS/MS method was applied to determine the four interest substances in fifteen widely consumed vegetables in Thailand. The results showed that all vegetables included in the study could be classified as low adenosine, guanosine, xanthine and uric acid containing foods since the concentrations of these substances were less than 50 mg per 100 g. This finding was enormously valuable information for hyperuricemia and gouty patients.
Hyperuricemia is defined as urate levels higher than 7 mg/dL in men and post-menopausal women [1] . Hyperuricemia is considered the precursor of gout [2] . When urate crystals are precipitated and deposited in a joint, an inflammatory response occurs leading to typical signs and symptoms of gout. The classic manifestation of gout is a warm, red, swollen foot, particularly in the region of the first metatarsophalangeal joint [3] . The prevalence of both hyperuricemia and gout has risen in the last decades in developed countries and therefore the burden of gout has increased [4] .
Nutritional factors, such as excess purines intake and alcohol consumption, as well as hematological disorders, can increase urate production [1] . There is one study to date that shows that a high consumption of meat and seafood was associated with higher serum uric acid. In addition, various commonly consumed foods have been suspected of affecting serum uric acid levels, but few data are available [2] . Especially, for several vegetables that have been widely consumed in Thailand, their exact uric acid and its precursors contents have been not available.
Several analytical methods, e.g. high performance liquid chromatography with either UV detection [5, 6] or with a mass spectrometric detector [7] , and electrochemical methods with various modified electrodes have been reported for determination of purines and uric acid in several kinds of samples [8] [9] [10] [11] .
In this study, an electrospray triple quadrupole liquid chromatography tandem mass spectrometric (LC-MS/MS) method was developed and validated for determination of uric acid and three of its precursors (adenosine, guanosine and xanthine) by using caffeine as internal standard. Onion was selected as a blank sample since it was reported as a low uric acid containing food [12] .
LC-MS/MS method development was employed using a C18 column. The mobile phase condition was adjusted by varying organic solvent types and concentration, including pH of the mobile phase. The optimum mobile phase condition was eventually achieved as a mixture of 0.2% formic acid in deionized water (mobile phase A) and 0.1% formic acid in methanol (mobile phase B). The mobile phase flow rate was maintained at a 0.2 μL/min, with gradient elution.
Optimization of MS parameters was also performed to obtain high sensitivity and selectivity of fragmentation or transition ions. For each target analyte, two transition ions were determined. The highest intensity transition ion was used for quantitation. Another high sensitivity transition ion was used for identification. The determined transition ions and their intensities are presented in Table 1 .
The developed triple quadrupole LC-MS/MS method was fully validated according to the USFDA guidelines [13] . The performance characteristics i.e., linearity, recovery, accuracy, precision, matrix effect, stability, lower limit of quantitation (LLOQ) and specificity were evaluated. Specificity of the method was achieved by comparing the retention time of the analyte in the sample and its standard. The analyte in the sample must present at the same retention time as its standard. Furthermore, two specific transition ions were utilized for quantitation and for identification (Table1).
The linearity of the method was accepted with the correlation coefficient (r) ranged from 0.9878-0.9991. The lowest concentration of the linearity range was set as the lower limit of quantitation (LLOQ). Linearity equations and their correlation coefficients (r) are presented in Table 2 . Method recovery was also evaluated. As shown in Table 3 , percent recovery of the method ranged from 88-116%. For matrix effect, ion enhancement occurred for all compounds in the study. To compensate for the interferences from various vegetable samples, matrix-matched calibration was utilized in real samples analysis. x is the peak areas of mixture standards spiked to the filtrate of blank vegetable and then injected directly, and y is the peak areas of mixture standards spiked to blank vegetable and passed through the sample preparation process before injection.
The accuracy of the method was accepted with recovery values of quality control samples within 85.0-115.0%. The %RSD of replicated samples in the same day (intraday) and of three different days (interday) were within 15%, except for the lowest concentration that was set as the lower limit of quantitation (LLOQ); the %RSD at the LLOQ level was less than 20%. Accuracy and precision results are summarized in Tables 4 and 5 . The results of the stability study showed that adenosine and guanosine were more stable than xanthine and uric acid. Adenosine and guanosine were stable at room temperature for at least 72 h, whereas concentrations of uric acid and xanthine were found to be less than 90% at 24 h. For stability at -20C, adenosine and guanosine were stable for at least 2 weeks or 2 freeze-thaw cycles, whereas degradation of uric acid and xanthine was found to be higher than 10% in two weeks.
Fifteen daily consumed Thai vegetables were determined for their adenosine, guanosine, xanthine and uric acid contents. Fresh vegetable samples were obtained from three markets in Bangkok. The amounts of the four substances of interest in the fresh samples were quantitated by using the matrix-matched calibration method described in the experimental section. Concentrations were reported in units of "mg/100 g" and "less than LLOQ" when the amount found was less than LLOQ. The results presented in Table 6 showed that the amounts of all the substances of interest in all vegetable samples were less than 50 mg/100 g. Therefore, vegetables in this study could be classified as having very low adenosine, guanosine, xanthine and uric acid contents according to the report of Kaneko et al. [12] . Our results demonstrated that these vegetables can safely be consumed in hyperuricemia and gouty patients. 
Liquid chromatography tandem mass spectrometry (LC-MS/MS):
The HPLC system consisted of Nexera LC-30AD binary gradient pumps equipped with a CBM-20A controller, DGU-20A 5R degasser, SIL 30-AC auto sampler and a CTO-30A column oven of Shimadzu (Barascientific, Bangkok, Thailand). The separation was achieved on an Ascentis ® Express C18-column (10 cm × 2.1 mm, 2.7 µm) with an Ascentis ® Express C18-guard column (0.5 cm × 2.1 mm, 2.7 µm). The mobile phase was the gradient mixture of solvent A (0.2%, v/v, formic acid in deionized water) and solvent B (0.1%, v/v, formic acid in methanol). The gradient program started isocratic with 2% B for 8.0 min, followed by a linear gradient up to 90% B in 0.1 min, then 5.9 min isocratic with 90% B in 0.1 min, back to 2% B, and finally 1.9 min isocratic with 2% B. The total run time was 15.0 min. The flow rate was 0.2 mL/min and the column temperature was 40C. The tandem mass spectrometer used was a Shimadzu model LCMS 8030 (Barascientific, Bangkok, Thailand) equipped with an electrospray ionization source.
Calibration curve:
A matrix-matched calibration method was employed for quantitative determination of adenosine, guanosine, xanthine and uric acid in fresh Thai vegetables. A calibration curve for each vegetable was performed by using a pooled sample from 3 different sources. About 10 g of pooled and chopped sample was accurately weighed and mixed with 100 mL of 10 mM ammonium hydroxide. Subsequently, the mixed sample was homogenized in the blender for 5 min. To prepare a series of concentrations for the matrix match calibration curves, a 10.6 g portion of blended sample Determination of adenosine, guanosine, xanthine and uric acid in Thai vegetables Natural Product Communications Vol. 10 (8) 2015 1437
was mixed with a certain volume of stock standards to obtain the standards spiked sample in the concentration range of 100 to 2,000 ng/mL for uric acid and xanthine and 20 to 1,000 ng/mL for adenosine and guanosine. One mL of a 10 µg/mL internal standard of caffeine was used. The mixture was centrifuged at 10,000 rpm for 10 min. The supernatant was filtered through a 0.22 µm nylon membrane filter before injection into the LC-MS/MS instrument. The area ratio of the analyte per area of caffeine was calculated.
Linearity: Linearity of the method was studied in the concentration range of 100 to 2,000 ng/mL for uric acid and xanthine and 20 to 1,000 ng/mL for adenosine and guanosine. The linearity graph was plotted between concentrations (x-axis) and their corresponding peak area ratios of selected transition ion and internal standard (yaxis). A least square regression method was employed.
Recovery and matrix effect:
The recovery from blank vegetable was evaluated by plotting the peak areas of mixture standards spiked to the filtrate of blank vegetable and then injected directly (x-axis) with mixture standards spiked to blank vegetable and then passed through the sample preparation process before injection (yaxis). The matrix effect was evaluated by comparing the peak areas of mixture standards and then injected directly (x-axis) with mixture standards spiked to the filtrate of blank vegetable and then injected directly (y-axis). Recovery and matrix effect was evaluated from the correlation equation, y = mx. For recovery, percent recovery was expressed as slope (m) × 100 and matrix effect was expressed as (m-1) × 100. A positive value showed ion enhancement and a negative value ion suppression.
Accuracy and precision:
Quality control samples (QCS) were used to evaluate accuracy and precision of the method. Both intraday and interday precision were evaluated. Four concentrations of analytes covering the calibration range were selected for QCS. Onion was used as a blank vegetable. About 10 g of chopped onion was accurately weighed and mixed with 100 mL of 10 mM ammonium hydroxide in a blender for 5 min. A 10.6 g portion of blended onion was added to every QCS. Each concentration in QCS was performed in 3 replicates for one day. Accuracy of the method was expressed as % recovery of amount found and nominal concentration. Relative standard deviation (%RSD) of 3 replicates was used to display intraday precision of the method. The same experiment was repeated for another 2 days. The %RSD from a total of 3 days was used to displayed interday precision.
Vegetable sample preparation:
Each fresh vegetable was chopped into small pieces. About 10 g of chopped sample was accurately weighed and mixed with 100 mL of 10 mM ammonium hydroxide in a blender for 5 min. A 10.6 g portion of blended sample was weighed into a 50 mL centrifuge tube. One mL of a 10 µg/mL internal standard of caffeine and 9.00 mL of 10 mM ammonium hydroxide were added. Then the mixture was centrifuged at 10,000 rpm for 10 min. The supernatant was filtered through a 0.22 µm nylon membrane filter before injection into the LC-MS/MS instrument. The peak area ratio of analyte per area of caffeine was calculated. Nine determinations were performed for each vegetable (3 determinations  3 markets).
Stability:
Three experiments were performed for testing stability. The first one was a mixture of standards of spiked blank vegetable and kept at -20C. Three freeze-thaw weekly cycles were performed. The second one was the stability of a mixture of standards solution at -20C. The last one was the stability of mixture standards solution at room temperature (25C).
